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,Absb'_ract_ .
Rew Doaimeter

A new type of personal dosimeter for measuring cvmwlative
axposure to gapma rediation has been developeds The new deviea,
although only the size of a dollar watch, is rugged and acciurate.

It measures exposures as small as aboutBroentgens (which is harmless)
or as large as 600 roentgens—usually fatal. It appear's almost ideally
guited for use by military or civilian persomnel in any situation where
it 4z "‘-"-i‘-"a to use guxiliary readsr instruments to show whit the
dosimetars reod

NN TN Lj[ weoskE T LN s
et RO . S

VR

medavieepwfomwn\mdwa]moatancimumtancss For ’
example, it readily records radiation received instantly, as fyom an o
eir-burst bombj alsoe :Lt acourately records radiation roceived over a
pm]nnged period, as from contemination produced by an underwater burst.

‘ m&sﬁcemmwwmammmsmnmd_samnﬂ‘i !

. life of perhapsStoSOyeata T4 uses 1ittle or no strategic wmaterials, ;
is well adapted to mess production, and should cost only of the ordsr L
of &l when produced mt.ine]y in large’ agantity.

. The heart of the new dosimeter, Jmomn. oi‘fi‘ially as the DT-60 i
(x=3)/7D Redice Datector, 45 a small square of speciel gléss. This =
glass; diseovered Ly sdientigts at Penngylvarniis State College and the .
Naval Research leboratory, conteins a swmall ampunt of silver phosphate, i
snd has themrkablepmpertyof becoming permansntiy flucrescent =
whom expsssd 40 gouma radiation. Since the intensity of fluorescence 5
is essentially proportional to ths dose, 1t is a simple matber to e
cva:lnatethsnnomscmce d:l.recuy:l.n terms of roentgen dose. :

: waidoafhedosimetm-vaeu,aatandaﬁlabommm
madwformluaﬁngthedosimetw'aresmehasbeendoamedm
prodused. The reader contains a UV lamp for exciting ths dosimeterts
fluorescence; also a photomultiplier tube for measuring the intensity
of fluorescence. The result is indicated on & large meter, calibrated
directly in roentsens and provided with two renges: a low range
-extending from O o 200 r, and a "casualty" range extending from O to
. 600 e ihusmydoaeofmiutarysiwicame, ‘mhamlcsstofatal,
.mbemaasum& S

ez

B o Tl r 1y AP ) | Lo A IS W AT\ KL N 30

Pt

Thnreadariacompact reasonablyrngged, and easy to operates
It weighs LS Ibas. complete with carrying case, and operates off any 60-
cycle, 110-125 volt line. Dosimsters sy be read quickiy——at a rate of
one every 5 to 15 seconds.

SECURITY INFORMATION—RESTRICTED .
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Before using a reader routinely, its overall sensitivity 3

mst be checked. This is easily done with the aid of a "standard" o
which has the same general size and shape as e dosimeter, but has a Ri
kmown, fixed fluorescence. Suitable designs of standards mre worked j
ouGe o %
Tndar the present ressarch and development contract, only . ‘

token production was attempteds A thouszand dosimeters were producad; b
also six readers ind several hundred standards. ,’tf;%‘
Separate programe have been égtablished at Polarcid and .
elsewnere for true mass production. Iarge quantitles of dosimeters %y
are being produceds likewlsc a large number of readers especially kA
designed for field use. Tiese matters, however, are outside the L

. 82ope. of the present contracts

Asaisting Othecr szma

During the last year, wo have assisted various other Navy
and Navy contractor ipstitutions by (1) showing them how to get the
best performance from the readsrs we had furnished to them, (2) pro-
viding freshly-calibrated standerds, and (3) edvising them as to
optinum design specifications, performsnce specifications, and test
meths3s, Al30 Wo Ssexved as the central clearing house for ins\ml.ng
mifeemity ‘among readers and 8tandande.

Tie hzve d.eveJ.Oped schemes which would make it possible to
obtdnbettwperfmwandatthesmﬁmemducethesmemdcm
-of the dosimeer. One improvement consisis of providing "all-around®
shieldirig, so that the respcnse to radiation entering the desinwes
from the ai.dgwould'be the same as that from radlation entering the
front or back of the devices Another improvemeit consists of making
the glass piece much smaller and at 'cheaame timeimprovingtheutil-
ization of ﬂ.uorescent n@t.

A-‘model of the :!.mpcmved dewiee ("Wpe H-h desion") wes
su’:mitted to Raehips, and recoamendaﬁom for adopfs:l.ng this des:l.gn

esnmane. . ‘aveYepnd ++.~a o

HW‘G O ARG, W S — £ e
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. Part I. Purposs, Factusl Da‘ba, Conclusions

Section 1. Purpoae

a. "
£=__0=nsral Purposse

'mageneralpurposeofthisconmctwas%dmlopanew =2
kind of personal dosimeter for measuring cumlative exposure to gamma ﬁ
radiation from atomic bombs. The new device was to employ a special ay
kind of glass, namely a glass wiich. becomes permanently fluorescent [
when exposed to gamma radiations - '

. 'The program involved stu@ing the glass, designing & dosim-
eter around 1t, and designing a photoelectric device to "read®™ the
dosimeter.

i © T et et P TR
‘E‘ai’_ Gl el & d, 0 Ve S
TRE g . RIS
Setimsdori . 2

BARS

B. _Purpose a5 Hogerds Specisl Glass,

S
e

It wos intended that firat attentica be given to studying
the special gloss itself. Its "radicphotoluminescent® property had
been discovered only a few years previously, and 1littls was known as
to the intensity of fluorescence, or the ¢ffects of temperature,
light, heat, moisture, age, etc. Some uncertainty remained as to
the optirmm formula to use in making the glass, and little informa=
tion existed as to the uniformity of the glass from batch to batch.

AT TR
B o 3

me Dosimﬁeﬁé.

When and if we found that the glass had satisfactory
pmpeﬁies,wwmtodeaignadoamatarmnploﬁngauchgmas.

It was desired that thedosimeterboamll, rugged, and
ingxpensive, so that it might be worn by all eppropriate military
persomnel. The dosimeter was to measure cumlative exposure to
gamaradiationeitherhmanair—burstatmﬂ.ebomborfmthe
radicactive contamination spread by an atomic bomb explod:l.ng undey-
mm or undergroundo

medgg;lmemwas to respor esaenti.al]y
wavelengths of gamsa radiation, from 0.15 Angstroms (80 kev) to
0.0025 Angstroms (5 Mév). It was to be able to detect a dose as
swail as 10 mm, whinh 'hl m‘la'Hva‘Iv hnm'lasn or as larm .
as 600 reantgens, vhich is usually fatal. It was to cperate over
a wide range: of temperature, and to be m’oe:rproof, shock-resistant,
and easy to decontaminate, OCther mquiremants are listed in Speéc-
ification MIT~R-15239 (Ships), deted 15 March 1950,

. These requirements posed many problems as to size, sh;&‘pe,
and_f:l.niah of the glessy also methods of shielding, mounting,

A

A SECURITY INFORMATION— RESTRICTED




POLAROID CORPORATION -~ RESLARCH DERARTMENT

RESTRICTED
i

De. Purpose as Rsgards the Photoe;l.ecteio Headeu=
| Amvcialraadingdevicemneededtoreuﬂledosimmw

dose. Doae could be read only in terms of intensity of fluorescence

exhibited the. dosimeters and to find the intensity of fivorescence
reauired (1 eacciti.ng the fluorescencé in the dosimeter by means of &
beam of UV light, and (2) measuring the fluorescent cutput by suitable
means.

At first it was hoped that the eye could be used in measuring
the intensity of the fiuoreseent lights but it was soon found that this
was impractical unless a very large piece of glass wag used, or a very
powerful UV lsmpe

Consequeatiy we were required to put major effort into develop~-
ing a photoelef-**'n typs of reader. Designing such a dovice called for
a knowledge of (1) optimum wavelength of the exciting UV radiation, (2)
wavelength distribution of the emitted light, (3) background flnorescence
found even in glass pieces never exposad o gamna radistion. Choices
hadtobemadeamngmmviarpes of UV lamps, vaximsﬂv-passﬁlters,
various systems for collecting the fluorescent light and filtering out
any . 11 light mixed therewith, various kinds of photoelectric detectora
of fluorescent lisht. Attention had to be given to speed of
and masuring the samples; also to the overall linecarity and stability

_of vesponse. Finally, fixed standards had to be devised for showing

whether the level of sensitivity in the photvelectric resder had been
aet pmperly, 8o that the absolute accuracy of the readings would be
B.  #iscellaneous Pu.zposes.

During the later stagea of tha wm'k several conpanies m
pmpaﬂngtomaasmdosmetwsmdrm We were asked to

. assist these compenies by advising them on design matters, testing

procedures, .and stanﬂardization.

Also we were asked to periodically issus ﬁesh]y—calibra@
standards to the various laboratories engaged in testing dosimeterse
We undertook also to repair and adjust. thereadersvhichhadbeen

' 1saued to those laboratoriee.
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Section 2. Gensral Facimal Data

A. Relation to Other Types of Personsl Dosimeters.

There are, of course, many other types of personil dosimete
Conventional film badges have been used very successfully, but are not
well suited to field use. They have to be developed and fixed, réquiring
specialized equipment which often would not be readi]y available.

Rectrometer type devices, called pocket chembers, pocket
dosimters, etes, have been used also. These mst be recharged period-
:z.gazg.ly' % provide 1o permanont record of the dose; their cost is high

to.:550) . ,

Color-changing li.quids and color-changing Gﬁ‘Swu.u have bssn
tried, but suffer from several limitations relating to stebility and

sensitivity; doses 1255 than a'bmxt. 50 r are difficult %o deteet, and
some drift msy occurs : ‘

Self-developing £ilm badges are being tested extonsivelys
although successful in many respects (notsbly sensitivity, range, low
cost, and elimination of aihy need for a photographic darkroom), they
have ahelf—nfe and etc*age Jimitations to be expected of photogaphic

taterials gener,alJye

e present device--the glass dosimeter--is outstanding in
many respects, including:

Small siges About the size of a dollar watche.
Vide ringes From spproxiuately 5 T to 600 r and beyond.
" High AScuracy: ‘S r or 10 typically.

Iong Sheli-)ifes Little or no change up to one years
i perhape goodforStoEOyears.

Always readys No charging or servicinge Usable
- ‘repedtedly; cdn be used, read, reused;
otc., repeatedly and cunnﬂata.vely,

_pmsmb]y for yearss

Imt éosfi'.'s Should cost only -about 41 in routine muss
production. :

A ahore complete l:l.at of pmoperﬁes is presen'bed in a later secﬁon.
The present device, in comon ‘with most other personal dogim-

etors, is intended to measmve peima radiation, and is not suited %o
messuring alphe-radia on; beta-rediation, or neutron radiation. Aiso,

_ 'SECURIY INFORMATION — RESTRICTED
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§% is intended only to msasure the dose recelved by the dosimsters this
nnay be appreciably less than the dogze received by the user if the usert's
hody intervenes between dosimeter and radiation source.

B» Relat:!.on to Other GContracts on Glass Dosimeters ' '

The initial work on silver phosphate glass was dono &t
Fennsylvania State College and at the Naval Research Laboratory. The
‘radiophotoluniinescent property of the flass vas discovered by Veyl,
bc}m]jmn, Ginther, and Bvanse See Reference Nel.

The Naval Reae&rch Laboratory has sdvised and assisted in the
glass dogimeter program since the outset. Tts advice and encouragement
has been most valuable. .

‘The National Bureau of Staudards has assisted the program in
several wayse It studled the waveliengih dopsudéace of the desimeters;
elso the d:!.rectinmliw 6f the device, the effect of various changes in
lead shielnmg and other mawws.

The Bausch and Towb Optical Company provided most of the mel'bs
of silver phosphete glans ussd in tha early stages of the work. MNoxrs
recently, operating under contract with Buships, it has been studying
dﬁ’fe_ﬂent formlations, etc., of radiophotoluminescent glasses. Also,
it has besn most Heipful in making trial melts of special glasses,
insluding manganese glasgses, sultable for use in the fixed standards
needed in’ checking the Bensitiv:!.w of the photoeleciﬁ.c readérs.

The Materiel Lsboratory at the New York Naval Shipyard
\Brook];m) assisted in evalnating and testing the glass dosimeter, ae
did the Naval Radiolog.oal ‘Defense Labora tory at San Francisco.

&mll-aeﬁe prodmuon of laboratorybwm readors was under-
taken at Polaroid Corporation under separate Navy contracte NObsr 5701;0
m NObBr 5?5mo

A small production lot of glass dosimeters wes produced by
Polaroid Corporatior under Navy contract fiCber 57501, Polaroid Corporation

48 nov engeged in a lavge scdle mass production program (cn glass dosim~
e-bera) under Nobsr 5270k, ,

Iarge sea.g.e maas pi‘cfmsi‘a.on uz 8ilver phosphate glass am the
.glasa dosi.m‘ber is undervay - a‘b 'bhe Corning Glass Workss

Ihe Admiral Cerporaﬁ.on, Chicago, Illinois, is undemtald.ng mass
ﬁ*oduationwo*‘ photeelact@'ic readers for field use.

An. exparimental model of an extremely small fisld-uge reader
was developed daring the spring of 1952 by Mr. G.Viork of the Naval
Radio]ngieal Dafense Laboratory. :
: ﬂ P g T e s .
mmg&@ﬁﬁ 1]
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SucSagsful large scale production of the silver phosphate
glass was worked out by the Pittsburgh Plate Olass Co., & principal
gupplier of special glass for thé Polaroid Corporationts mass produc-
tion progran on glosimeters ‘

Pilot chen:l.cal Co. of Vialtham, Mass., also supp]ied some of
the special glass to Polaroid Corporation. Pilot Chemical Co. produced
glass having the highest sensitivity we have encountered, the sensitiv-
ity being about three times the semsitivity now regarded as standard.

Throughout the entire glass dosimeter program, the encourage~
ment and leadarship by Busliips Code 854 has been of central importance-
That agency initiated the major programs, gave contimiing counsel as to
dasign and performance specifications, and generally coordinated the
research, developrent, and production programs. We believe that Buships
is to be congratulated on having perceived (as early as approximately
three years ago) theé unique possibilities inherent in the silver phos-
phate glass, and in having pushed the propram through to a successful
conclusions The program should be of valite to all branches of the
Armed Services, and to the civil defense effort also.

The program covered by this final repcrrt is the central
program of specifying the particular grade of glass desired, halping
determina the design of the dosimeter, developing a photoelectric
reader, and finding suitsble calibration gtandards. Thus the present
report summarizes the foundation on which the various current pro&uo—
tion programs vest. It attempts to tell not only what designes wexre

arrived at, but they were chosen, how successful they have proved

to be, and what tional improvenents iie winin reach.
Ce_Contract Dates, Ammendinents, etce
The present contract, NObsi-i9257, Index No. NE-051551, was

1n§2i.ated June 30, 1950, and was i.rtended to be complsted by June 30,
1952, :

The contract. was ammended from time to t.ma- additional

" funds were provided, and the termination date was extenrded to

Decembér 31, 19 52. ~ There. -weve five amnendma_nts ix\-z‘all.

.
R
""ﬂwn.ﬂ»:zj

.D.Previonsneperts.

, The work perfomed under t.his contract has been reported in
tenty-seven individusl Nonthly Reports, staviinc with the report for
‘hugust 1950. These reports are nated in the bibliegmp!w appended
to the present final reporte ,

~<HSSIFIED
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%o .Technical Perscnnel. %

_ During the period from Abgust 1, 1950 thvough November 30,
1952, the following technical persons worked on the contract to the 4
approximabe cxtents indicated below: ]

xiame Ho_iirs
E. H. Lang, President and Director of Research No charge made ,
Ec Re Blout, Associate Director of Research No charge made A

. A. Shurcliff, Senior Physicist; Project Leader 2259 . g

P. D. Bartlett, Engineer _ 211
Ee. G. Byrnes, Physicist 7 ’ 18¢8 o

A. G. Carpenter, ifedsl Shop Supervisor 788.
J. DeYoung, mec&onics Engineer : 257

¥. il. Pairbank, Kechanical Engineer | 10k i
L. Farney, Plastics Engineer ¥ 30 "

S. . Haskell, Optical Designer | 22 h
Re Do Hay, Yechanical Engineer 895
A. S, Makas; Physicist , o 362 !
' C. H. Mats, Electronics Enginesr | | 1562
Ce C. Rolandoe, Mechanical Thgineer . 6l ,
A. P. Sutton, Supervisor of 'Phg;tcmeter Operation ' a3 ;
E. W. Treuenfels, Chemical Engineer . 1008 f

G. Vi, Trumbour, Conmtrol Test Hngineex -~ S
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Section 3. Detailed Factual Data A

Introduction. - , : k!
Section 3 consists of several subdivisions, as follows: ‘

Section 3-A: Propertics of Silver Phosphate e
Section 3-B: Dosimetar Design Considerations . —=

Séction 3<C: lon-Feasibility .of Using a Visial-Type T8
Reader , B

| Section 3-<D: Photoelectric Reader Design Considerations
Section 3-E: The Problem of Providing Fixed Standards

Section 3~-F: The DT-60{XN-3)/FD Dosimeter
Section 3-G: Other Specific Dedigns of Doaimeter
Section 3-Hs meﬁ_cl‘f-%('ﬂx;‘&-B)/PD Reader

.~ Sectlon 3-I: Other Specific Dgsigns of_.Re_adar

Section 3-J: Designs of Fixed Standards

_Section 3-Ks The M=-Std. Pool

Section 3-L: Future Possibilitics

- SECURITY iINFORMATION—RESTRICTED
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Ssstion 3-A, Properties of Siiver Fhosphate Class
A.__Introduction.

The eniquely vaiuable property of silver phoaphate glass was
discovered sbout five years azo by Veyl, Schulman, Ginther, and Evans
(Refo N-1). They found that 3£ ths glass was m:pesed to gamna radiaticn,
it acquired the ability to fluoresce when later exposed to ultraviolet
radiation. Intense orange-colored fluorescent light resulted if the
gam-ray exposure amounted to several hundred roentgens. F\mﬂzemom,
the intensity of fluorescence seemed proportional to the gamma<ray dode.
roceived, Thus it becams clear that the glass might Ys used as the
senaitive element. or detecting element, of 2 gamma-ray dosimetér. The
possibility was brought to. the attention of the Burean of Ships, and
the present development program was soon launchede’

Detailed exploration of ihe properties of the gZLass confirmed

RO AR
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the hopes that a new and unparalleled detecting elanent was at hande —ii

The range of fluorescence, the linearity, and stability, and the ‘homogen~ A

@ity proved to be excelient. %
. = (b'

Fedlo et

Scme points of weakness were found, mesa im:lvdea (1) var-
iation in sénsitivity of the glasa, from one batch to anothem. unlecy
suitabls precautions are taken by the glsse mmfastz.—““e‘f; {2Y vactation
in the initial, or background fluorescence, unless suitable precautions
are takenmg (3) tendency of ths flucrescence to change somewhat depending
onthetemperamreatthetimeofesqmsingtheglassandalaotbatqnpeb
ature at the time of ieasuring the fluorescence; (L) tendency of the
glass to reapomd to long wavelength gamma radiation more than short

wavelength gamma radiation, unless eppropriate shielding is used.

' Altogether 30 or more different characterisﬁea of the glass
have. been explored. These are sumarized bu.-iafly belowe -

Vi
X

Famnla of .the Glass,
Si:!.ver phospbate glass is usually used at the so-called "8%"
cchcentreticn, The 87 glass has the following formle, according to
P.e...*ancea N-l, 28-2, and N34
' , 5’0- parts by wﬂﬁ.ghﬁ alumismm metaphosphaﬁe, n(m3)3
25 parts by wéigh‘b potaaaimn metaphosphate, m3
25 part»s by weigm berimn metaphoaphate, Ba(m3)2

8 pww by weight silver metaphosphate, Ag{POB)

SECURITY INFORMATION —RESTRICTED
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Ce_.Proparation of the Glass.
According to Reference -3, the glass is prepered by melting

the qonstituents together at 1200°C. in a fused silica crucible, casting
the melt into a metal mold, annsaling it, and then cutting, grinding,

and polishing pieces of desired sizee

Presence of certain impurities, such ag iron, titanium, chromiws,
and perheps several other elements, may cause considerable change in the
initial fluorescence of the glass ('pre-dose flucrescence”) and in the
.t‘luorescgme‘ resulting after exposure to gamma radiation ("post-dose £luoi-
escencs™).

Bubbles, sirains, etce may be found in the glass unless suit-

~able precautions are taken. Also, devitrification may ocenr unless the
glass is cooled appmpriately and rapidly.

Much additional information of preparation of the glass has
been accumlated during the last year by the various glass mamifacturers
concerneds Presumably the Bausch and Lomb Optical Company is very fam-
iliar with the situation, since they are working under a Buships contract
speciaily focused on the technology of silver phosphate glass and related
glasses, ‘The Pittsburgh Flate Glass Co. and the Corming Glass Works
" have &iev acquiréd miuch experience in this field. Pllot 'Chemicals, Inc.
iz familiar with the production of small melts of very high sensitivity.

- Information may be obtdairied also fromReferences N-1 and Ne3.
D. Transmission of the Glasss

" . _The 8% glase, before being exposed to gamma radiation, is
essentldlly clear, colorless, and transpaient. Transmission.curves for
the UV and visual regions of the: spectrum are shown in ths Monthly Report
- for September 1950 (Ref. P-2). The internal tranamittance is essentially
100% for visible light, but falls to SOF at 350 millimicrons (for a path=
length of 1 ate) and to 1% Just below 300 millimterons. In other words,
the glage hag & amooth UV cut-off typlcal of ¢ommon kinds of glass,

o hen the glass is exposed to gamma radiation, the transmission
curve changes. The transmission for light of wavelengths nsar 400 milii-
microns docreasesy and the greater the dose of gammu radiation, the
greater the.decrease in transmission. When the dose reachss. severdl
hondsad », e detrease in trancmiseion for the 400 millimicron {(biaks)

light 15 sufficient to pive the glass a slightly yellowish appearances
Then . the dose amounts to 50,000 1, the glass appears atrongly yellow

‘goloreds  Ilustrative transmission curves of dosed pleces are showm

L ASSIFTE
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if, for each wavelength of ]i-g‘ht, the optical donsity of fhe
glass in pre-dose condition is subtracted from the density existing after
dosing, a curve is obtained which represents the spectral absorption of
tho new "coloxrant® produced by gamma radiation. As shown in Ref. P9,

~ ths absorption maximum of the new colorant ig found at about 3&0 to 360
- midlimicrons.

a3t B0 e N
Yool b e =

s

B W Bxoltetion of the Glans, | o

. Whether dosed or undosed, the 8% glaaa anits a feeble ‘blu:l.ah-
white fluorescent light when exposed to UV radiaiion of wavelength balow

350 millimicrons, The mercury 2511—2%:. line, for example, excites acms 28
bluish-white fluorescences

o7

After thé glass has been gapma-ivrediated, the situstion is
very differents A strong fluorescence is obgerved whenever UV radiation
iear 360 millimicrons is incident, and the color of the fiuorescent light d
is very different. bains crenge. _ ¢

Tae sittation is sumsrised in Table 1. | !
| Table 1 | | o

Intensity sud Color of Fludrescent Light - i

.
‘ Kind of UV. Eroiting Iight Used ' 1
Condition of Glass Far UV Year W Visible ( 3

Never axposed 0 ‘Weak bluish-white VQW weak bluishe Nene R
gamme reye fluorescence vwhite fluoreacence gk

Exposed to 1000 #  Weak bluish-white Strong erange . Nome
. 'of gemma rays flubréécegce - fluoresesnce ‘

As indicated 4n Ref. P9, tb.e orange eolor is oxcited vy wave-
langths froi sbout 310 to sbout 410 millimiorons. Vavelengths near 360.
millinicrons are perhaps riore effective than other wavelengths if the

- glass has becn exposed to a large dose; wavelengﬂm neax 3!;0 nﬂ.llimimns
sy be the most e@'fect.:i.ve if the dose has been smalle

2 BrecDes

e Fluorescence.

ﬂ!——;

s pra=déss Tlucrescence '\ﬁuoresceme which the. glass eﬁ:ibite
befombeingexposedbo gama.radiation) is usually smail. A typical batch
of 8% glass has a pre-dose fluorescence emounting to about 1/3 of the fluor-
escenco created by a dese of 100 r of 1.3 Mev game radistion. This figure
azsumes that the UV excitation has the spéchral eneirgy distribution normally
uséd in the laboratory-type reader spocified in a later section. It agsumes
also that the measuring device (photocell) is covered by an orange filter
80 that on];r ‘the orange ecmponent of ths fluorescent light is messured.

S"CURITY IN"ORMATION RESTRIC 'ED
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The pre-dose finorescénce would appear considerably stronger
if shorter-iwave UV excitation were used, or if the blue ard greéen coum-
ponénts of the fluorescent Ught were measured aJong with the orange
couponento

The intensa.t.y of pre-dose fluorescence is about the same as
that of a standard pyrex glass (Corning #7740). It is only about 1/i

that of typical window glass or plate glass. It is bstween 1/200 and

1/1000 that of a fypical uranium glass end typical commeredal plastics.
The color of the pre-dose fluorescence is probably whitish

or bluish-whites the intensity is so low that the coior cammot be

evaluated visually, and indirect methods must be used. -

Qe P'o‘sb-Ddse Fluorescence.

AB indioated abcve when the glass has been expoeed to 100 ¥

- 62 13 Mov gama radia’d.on, it becomss fluorescent. More exactly, it

-acquires a permanent ﬂuorescenoe-abiut 1.e., the ability to fluoresce
steadily when illumina _ UV light. -

: o exnress the amount of fluorescencs is not easy. A rough
estinate has been mede of the absolute efficiency of fluorescence in
Ref, P=7; it is estimated thet of the ordsr of 10~7 watts of fluorescet
B.Q:tisnm ced per watt of nearuvradiationixwident assuming cer-

tain typical experimental conditions. There i2 no. dou'bt that the £lnor-
escsnce, even when referred to as "straig)® is actually very weak as
compared with commercial fluorescent screens, commercial flucrescent
glasses, etc. ,

For eomeaimce fluorescencs :!.ntensity measwremonts are uauai]y

‘maua on glass samples exposed to ‘Just 100 r of 1.3 Hov gamma radiatien.

The fluorsescence is orange in coler; spectral radianoe curves
have been presented by Schulman and others. (Refarences l-l and N-3).
The £luorescence includes, besides orange ngm, 80N yello' light, mch

red 1ig‘ut and & ligtle near-IR. nghm '

of course, once a dosimter deaign has been. froseas and oma

'routiaa ;jaamfactﬁring and. teating procsdures have been arrdved at it

4o define a response secale, or post-dose fluorescence aoalo,

such'ma't a ].00 r dose increases the fluoroscenoe by Just 100 units.
(qm nwlp_{- ecnddam. )

wn‘“- A

r-of the 8% glasa--mt only that :!.t
;jbed--bnt algo that the fluorencent

It ie a Femarkable propert
becomes fluorescent when gmna- .',,M

s
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very closely adjacent and even overlapping té the extend of perhme 25
to 50%. Having the two bands well separated ie agreatbeneﬁtto the
present project, simplifying the problem of obtaining a stror ﬁgffﬁ&
(oranga light) essentially free from noise (UV exciu_l_ng ligh

He Sensitivity, -

By “sem;l.tiv;!.i‘y" we mean: the increase in fluorescénce per
“roentgen of -radiation dose. It 18 customary to compute the sen=
sitivity by (1) finding the fluorescence before expesure, (2) finding
~the fluorescence after a 100 r exposure, (3) subtracting the foriser frem
the latter, and (4) dGividing the difference by 100, The absointe sen-
sitivity is of the order of maghitude of 1 fluorescence~afficisncy
units per ‘x-aentgen of exposure.

: Of course, once routine mamufacturing and testing schemes have

‘been established, it is easy to specify sensitivity precisely. The sen-
sitivity of a typical sample is then exprsased as, say, 100 indicated 8!
roentgens per 100 actual roentgens exposure. See a _.at&' section. . R

:
#
| wﬁm of Fluorsscence-Ability: i

Ifomyha.‘.!iofapiece of 8% glass is exposed to gampa-rad-
iation, the other half baing shislded by a thick block of lead, only
the exposed hdl £ is made fluorescent. Even after storing such 8 specimen
for a year in a desk drawer, ore half will continue to have fiuorescence-
ability, while the other half remains essentislly non-fluorescent. See
Reference P-lj, (This is in marked contrast to the situation found £
aansi.tim)ad alkali~halide cmtﬁamwhare migration of the edlor proceeds
r‘pid]yo

*J' Fluoreseence V8. Phgg’ ‘ hor'escence‘a
Cathode ray oscinoacops tasts show that the fluorescence of
ed 8% glass ceases cssentially immediately (within 0.01 aec. or less)
affm‘ the UV illumination is cut off, Thus it is sppropriate o yefer
+to the lufinescsnceé as- "lucm-escenee, rather than phosphcreacence. (As
expleined in & later section, somé mangatiese glass samples used in fixzed
standards: appear ph.OSphorescent, rathor than fluorescent. Such disparity
could 16ad t6 2rors if the time eanstants of. the measuring ingtmiment
cmponenta were gelected improperly.)

e

s

.,&r—::.‘?gm:}r;.-f,:_« Sy
¥ ~u:§§

Spe

= K“a M‘e“,‘& vu.vi' T
' The 8% glaas ghows excellent addi:u..v:.ty; 1\7 fiva
separa“ue exposures, -each of 20 v, lead to esuenual.y the identical fluore.
eseence-abmty as a single doseé: of 100'r. See Ref.. Pau.
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in _Ton=Dependence on DosageﬁRate. 5,
The 8% glass shows excellent indepéndence of the ‘time-rate of
-dosage. Essentially the same {inorescence results whether a 200 r dose 2
is delivered to the glase in 20 seconds or 20 hourae See Ref. P=T7. 3¢
Informel comrmmications from others suggest that the performance is §

axcellent even when the dose is received in a fraction of a seconde

N I.ineari.t-z. : :%z
The 8% glass shows memnt Unearity of responge throughout ,4 '

the range of interest (0 to 600 r) and even beyonde In fact the linearity § -

extends beyond 10,000 r. Throughout this enormous range, a given increment g4

in dose produces the sams increment in fluorescence. See Ref. P-33 also
Appendix 1 of Ref. P-»'16..

_!c &1’5 Rmnm ("'?emd g ,

TRl SlaiNia
LA

i
The fluorescence of the 8% glass contixmes to increase even when y
thedoaemeedle0,000r,bu%therataofimmaseceaamtobeumar g}%
when the dose exceeds about 20,000 rs See Ref. P=16. Using special cai- &
. ibration charts, theoleeeﬂm""“-usedtomeammdosesuptolooccaf e
& (possibly 1,000,600 e : 21
B
It is obvious that the glass has a far greater range than is ;f
requiredinaO-to-éOOrpersomldoaimeter. 4

0Oe Tm‘ gg%may Effect.

_tasampleof&gglaasisgam-irradiatedmnekvated
temperature, the resulting fluorescence-ability (measured subsequently,
with the sample rastored to room temperature) is found to be slighﬂy
greater than usual. A 1°C rise in doaing tamperaturs osuses & 0.3%
inorease in the fluorescence-ability. As shown in Appendix 3 of Ref.P-§,
the fluoressence-vs-temperature curve is perhans linear for tamperatms

) naarroomtampera‘hn'e, buttmda tn flatten out atlomtmera‘am

Mmctvalueofthetempm,jf' ; oaingcoefncient
hae ot baeﬁ determined acemrately, and there is indiczation that it varies
scmewhat gpandingonthequantyof tlnparticularmelt of 8% glassunder
comim O0Ne. -

7 e effect should not be confused with a different kind of
mmpeu-atnre effect-—discussed i.n tha fon.owing paragraph.

% ztasampleofdosed%glauumadwhnoatmomwnpmm,

and is. Mm—madaftwbﬁngbrw@ttoahi@er temperature, the
s momoamewulbe fmmdtoboslighﬂy 1esa. 'Ihe mam coefficient

s

it
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hag approximately the value: «0.7% - per ® Ce The value may vary slightly i
from batch to batch of the glass. Ses Ref. P=3 1

It will be noted thet this effect is in the opposite direztion
from the temperature-during-dosing éffect defined previously. ‘Thus if
a sample is dosed and read at high ‘temperature, the two sources of error
tend to compensate to some extent. (However, the temperature coefficient A
of the fixed standard employed affects the outcome also, as explained in
a lster section.)

<o el g

Q. Build-ﬁg Effect at Room Temperattme

a2 - S Ty AL

If a plece of 8% glass is dosed very rapidly and then read
imnediately, it will read lower than if allowed tc age for & few hours
before being read. For example, if a piece receives 100 r in ten
minutes, immsdiataly theveafter it might then read 10 to 30% leass than
if allowed to age for four hours.

Practically any increase or "“build-up® which is imminent will
ocowr within the first four hours, assuming that the sample 1s stored at
room temperature. A alight increase mzy parhaps occur during the next
few days. or weeks, but if such increase ocours at &ll, it is usvally less
than 5% and is therefore difficult to dstect relido]y.

If the dose is delivered in a few seconds instead of a few
nimtes the post-dose bulld-up may amount tc a factor of 2. But again
the difficulty is avoided by allowing the sample to age for a few hourse

In genaral the phenomenon appears to have & relaxation constant
of the order of 10 to 20 mimtes, at room temperatures

. _ If the dose is delivered ovéer a 2li-hour period, any build-up
involved 12 practicany complete by the time the exposure is terminated.
ST;e increase % be expectad during the next four hours is perhsps enly
©L, ,

If ttie' dose is very smau (less than 25 »),. the build-up effect
is neg.'l.igible or even non-existent. ‘The effect is appreciable only for
large dosea. : . e

The effect dapends stramly on the ambisnt tewat‘.;re and -on

the. nnhmn'}mi'{!.in o 3‘&176? ihu-__.- !i'oe e 3, 88 NPy ii'& :’&_3

'_pmgraphr .
;R Bunﬂ-vp Eiffect at M Tﬂmmb

If the sample 13 stored at high temperature (immediately after
the e::pomxre to gamsa mdiatian has been complated), the build-up occurs

! f@iﬁggﬁflfﬁ

'S‘
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IradosedpieceofB%glassia exposed to gamma radiation and
is then heated to 150°C for several hours, the flnorescence tends to be
8lightly greater than if the sample had been stored at room temperatures

T!nxahightanperammappearatomgoutasmallamomtof "latent?
fluoresce.mn-abﬂ.lity. S:ane there i3 no expsctation of using the dosime

o

-

S g

obters at such temperature, this effect is perhaps of no practical impor- ﬁ
tance. See Ref. P-17 for further details. c i
Ts Wave]sm- Dependence. f
If exposed nhile entirely unshieided, the 8% glass shows g
considerable wavelength depsndence. Typical pleces of the glass may 1

respond roughly ten tives as much to a given dose from a 150 kv x-ray
machine as whon exposéd to an equal dose of l.3 Mev gamma radiation
from radio-cobalt. {See Ref. P=li, P-6, and P=20.) Depending on the
exact thickness of the gless and the exa.ct wavelength of the radiation, '
the error may be more or less than a factor of ten.

The' error is large only for photon energies bolow about 150
keve It is smll and perhaps negligible for energles exseeding shout
300 ke"e -

‘ ftms in general the effect is small over the mat majority
of the photon-energy range of interest: 80 to 5,000 kev,

The error existing for photon enargies below 300 kev. 13‘.”“‘
greatly reduced by use of appropriate shielding, as discussed in a later
section conserned with the doainnfor as a whole. - .

o Angle-oZ-Tnoldence nam ence.

A %hin, ﬂat sample of 83 glass tends to respond slightiy
differently, for a given wavelength of gamna rediation, depending on
the obliquity of the incident garme radi.at:!.on. The. obliquity angie
determines ‘the relative inportance of the prlmauw beam of gapma .
radiation and the secondary beam of c@mpiwn .woi.l electrona _accom=

paxving the primary beam.
%n nm’luﬁ.-ﬂumlnhmn dsmnﬂanm 1 noantd Ml anTes foaw -‘-‘J’a I',‘;'

v—vma\,
if%nssmplaia thinandis

et s

g P S

Lo

ovided with flat metal shields, as
di.acuased in a iater eecﬁcm. See also Ref. P—20.

. .t
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Y. Effect of Bubiies, Etoe ' 1
Avaiidble evidence indicates that presence of a few small
(0«5 mn. dia.) bubbles in the glass sample 1s not harmful. b
Sometimes amall occluaions oocur in the glass. These may
fluoresce feirly strongly, and may be harmful. 1
Often the glass pieces contain pronounced frozen-in strains, f?
a5 may be seen by placing the glass pi.ece between crossed polarizers. 5
This is usually not bharmfulg by
Ve . Eraaure or the I-.‘.luorwcence. ' :
T }
, If a piece of 8% glasz is dosed, so that considerable f£lno 1 -
cence is produced, the fluorescence may be almost entirely erased by g
beating the glass to 350°C. and holding it at that temperature for several 2.
hours. The glass may then be re-used in normal manner. 3
Thus in principle, at least, the glass can be "erased" and re- 4
used. Brasure s likely to be impractical for several reasons, includings :
: misanes, likelitiood of melting the dosimeter shield and case, and like=-
@7 1ihood of contaminating the glase surface. L
X.  Effect of ?rolon_ged,_ Intense UV Irr.adiat_ion.
If an undosed plece of 8% glass is exposed for many hours to

intense UV radiation from a quartz mercury arc, gome filuorescence-ability
will be created in the glasse.

Tha reverse effect may occur in a highly dosed sample. Thus if
- apieoeofﬁxeB%glassism@oaedtoZOOOrof*anmaradiationmdm
then éxposed to intease near-UV radiation, the fluorescence will decrease
to a marked dogree. Itmaydecreasetoavamecomspondingwperhapa
© 200 r3 but it will not vanish entirely. Ses graph presented in Ref. P=2.

' Weak UV radiati on, cuoh am that rrovided in the phofoelach'ic
readers, has no detocteble effect on the glass plece even if the plece
is lei’tin thepath of theUV‘beamformwhours

g Ifadca piweOfBzghasiaeuzposedtobrightdaynghtor
divect sunlizht for scvernl hours, a slight deoorease in fluorescence .
WAy OCCUL's Hawmr, an: hour'a encposure :I.s wsually withdut detectable

. S Mmmof “beveral wiels -:iaay"-w&ué.é the reading by 20 to 603

‘SECURITY INFORMATION— RESTRICTED
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z. Effect of Hob—Storage

Storing undssed o doaed 8% glass at temperatures as high as
150"". for considerable pericds appears to be essentially without effect.

Aks_ Effect of Cold-Storaga. ,
No sppreclable effect has been found to result from storing ';ffc

undosed or dosed pleces of 8% glass st temperatures well belgr rocm
temperature, provided the glass pleces are free-not cemented to anythinge

toap Mo e e wemes e

SEE

BB. ,Erfect. of Hot Salty vater.

No appreciable effect, other than tendency for the glass sur-
face to become slightly cloudy, has been found to result from immersing
the glass for an hour in boiling salty water.

CCe Eff aot of éﬁﬁe

Id.ttle or no change has been found in polished pieces of undosed
and dogsed 8% glass stored in darkness at room temperaturé for a years The
accuracy of the tests was less than ideal, and it may be, for example,
that some slight decrease in fluorescan.e (5%, possibly) occurrede

Sl'l.ght change may occur occasionally in pieces which have a
coarse-ground finish. The change tends to take the form of a prompt
(2l-hour) increase in reading. However, the change is usually small
and is probably to be attributeéd to the "curing® of the freshly-ground
surface, rather than to any change within the body of the glass. Re-
grinding the surface tends to wipe out “he increase. y

oD Effeet of Fingarmaris,. : - i
o S

Contaminatiiig the surface of a plecs of 8% glaes, as by pres-

sing it Pirmly with a sweity or greasy finger, tends to inorease the ‘ o
apparent fluorescence by a enall amount, such as 2 to 10 r. = However, 4
such contamination can be waahed off readﬁy i S

analamtion of the Fluorescence Induced bx m

e Y -,ﬁn‘, by et
i, =
e -

~—

TR LI X T A

AP i
o S B

s éi@ﬁi’ﬁéu in appe’n:nx 2 of Ref. F-16, and also. :m ‘Réf. N-1
and 3, it is assumed by Schulmen and others (1) that amna radiation
liberates clectrons; within the silver phosph.ate glegs, {2) that these
electrons tigrate towards individusl Ag* lons, and (3) that each loose
tunion of electron and Ag\ ion constitutes a fluorescence. center. Such
ceters &e capable of absorbing nsai-UV light and emitting orange
ught; they can do .80 repeabedly, almost indefinitely.
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is diacusaed at length in Ref. P=8.

sensitivity, and a rapid build-up of the fluoreszconce.

o
i
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Ref. P~16 lists eighteen properties of the 8% glass and shows
that neasly a3l of these may be explained simply by the above-stated
mechanism. I

s, Batch-wnamh Varietion in the Glasse

Sudvem

5 i
SRR

-t

RO 1)

Fepecially in the early stages. of the present program, much
variation was found between different batches of glass. The intensity
of pre-dose fiuorescence varied Wpical:'ly by perhaps S t0 10 re Some-
times it amounted to more than 100 x

The sensitivity fluctuated also, varying typicaliv by 10 to

r S SO s i D e
ey 5

M¥uch better uniformity was obtained when saccesaive batches
re:: made using the identd.cal emipment and the identicad lots of raw
nmaterisls.

Now that eontrol of raw materizle and equipment has been greatly
improved, the variations in question have been reduced to amell fractions
of the earlier variations. It appears likely that the mamifacturers wiil
bo abie to hold the variations to within 5 or 10% ordinarily.

Some batch=to-batch variation in temperature effects, lm:!.ld-up
td.me, stabilily, etc., may perhaps occur. Few tests of this na‘tm-e were
performed duz'lng the course of the work rsported hare.

04, _ Effect of Ghe.ng}.:ﬁ*" 8 _Content of Silver Phosphateé.

 Thes effect of changing the concentration of 8iver phosphate

Wi
)

o

Ly e P S T e SR
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"~ The general conclusion is that the 8% concenmtion is probably
sbout the best compromise. It has a low pre-doge flucrrescenca, gaod :

B 7

e,

Glags of lower concentration, such as 6%, hes the ativactive -
property of exhibiting an even lower pre-dose fluorescence. It has the
added attraction of conswning less silver phosphate, waich is ‘the most
expensive ingredicht. However, the 6% glass seems o hate & slowar
buildenn, end perhaps performs scmivhat pooiy ¥hian gama~-irradisted

o e 1

ab low tez@arahn-e

A glaas of higher concentration, auch as 15%, v have slighﬂy
gréater sensitivity, and shows a auicker build-up; preemmbly it performs
slightly better than 8% glass m the ddes is recelved at low temperaiure.
However, the 15¢ glass tands to have & high pre-dose reading and consumes

an dmecessarily large amount of siiver phosphates
"'""”3 2n 3
“LiSSIFiED
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Section 3B: Dosimeter Desigm Considerations
A. _Tntroduction.

B T T

The heart-of the dosimdter is, of -course, the piece of 8%
sllver phosphate glass. But to produce a comple'be dosimeter we need
also a mounting and casing which will perform the following functionss:

Protection: Protect the glass from shock, light, dirt, etce

Handling: Permit handling the glass without danger of dropping
it, getting fingerprints on it, etc. :

Shielding: Provide shielding for reducing the wavelength
depengence,

Identification: Carry idex)xtifying symbols (designation, serial
. INOO, 61’;00

LR o

S8k

N
e

AL TR
[

- R Y]

Attaching: Provide a2 loop for the cord or chain attaching the
dosimetexr to the user.

B. Protections. -

The gldss piece could be _protected agai;st shock, 'light, dirt,
etc. by keeping it inside a case of rubber, pl:as'ric, or metal. Plastic
i3 probably most favorable because af its long life, amengbility to low-
cost mass production, and its non-use of strategic materials.

TP pla.stic is used, a tough, flexible, plastic material must
bs gelécteds EBEthyl cellulose is perhaps ideal. Materials such as.
Terite II were tried, but were found to be too brittle.

To exclude light, dirt, etc., in business-lilke manner--even
if the dosimeter is imnersedinmdctywatermrequireamﬁng the houging
waterproofs This can be done by providing a screw cap which closes
aga:l.nst 8 waterproof, compressible gagkets It is difficult to conceive
of any other economical method of producing a water~tight seal between
plastic members subject to some. slight cold-flow and warping.

Ifthesmeap is to be easily and quickly screwed up o
unserewad, it mist have a heavy, coarse thread. At least 2/3 of one
revolution thread engagement: 18 necessarys one full revolut:lm engage~
ment would be preferable, as it would 1oave no patrt of the soreahcap'a
periphery unsupporte

SECURITY INFORMATION —RESTRICTED
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S. Eandling,

The glass plece is amall enough so thit, if iﬁauwchsd, it
might easily slip out of the fingers and become losts also, it would
almost sure:ly become fingermarked promptly.

To avoid these difficulties, the plastic piece may be at‘bached R

permanently to a larger, more easily handled, objects A plastic piece '

projecting out around the gless plece, and cemented to it is presumably
indlcated. See the following sketches.

)

P L )

glass -3 lass

L - -~ L.
R R Y
-8
P

glass not recessed ‘glaﬁss vecessed ' B i

D smm

Extensive tests have been mede by Polaroid, Naticnal Buresn
of Standards, and othek institutions to see what shielding material and
uhat shisld thielmess is optimm for reducing 'bhe glass piece's wavalength

e

dapmdenee. -
' 1. eﬁitable’ for special situation. In most tests
ths assumpuvion was " the request of ' 51.\ that only

DS,
the upper and lower faces of the glass piece would be ‘shielded, and that
only radistion :!.nciﬁant perpendiculerly on the shields should be consid-
ered. Acting in accorddnce with a sugpestion made by NRL advissrs {Sce
Refe P=6) eaehshieldwaamadointhefomofaleadplatehavingaaman
genbral opening, the latter being intended to let through a littls of the

P ;;j‘p.;‘-m*ﬁﬁ’viwgﬂ'?vi‘“hjﬁ";':-ﬁg:-:v‘ T
g o it N * - N N

Zhes:
e

N

vm 3°ft (10!18 Wavelentz" wiy ?adiaﬁon that othwsln wonld be ont n{»‘? %g
slmost entirely by the lead. . \ }
' ‘I’ests ‘carried out by Po‘.laroiu with the assistance of the g

National Bureauw of Standards, the Hish Voltage Engi.neering Corp., and
the Deaconess Memorial Hospital indicated that the energy dspendsnce was
corrected to a considerable degreé using lead shields 1 mm. thick and
,cenmining a central hole 0.07 inches in diamter.

Sl
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Tests carried oub later by other groups, but again with
the help of the National Bureau of Standards shmred that a slightly
greater thickness of lsad-—approximately 0.0 I; gave vetlsr performance
under the spacial conditions estabiished by Buships Code 85l

2¢ suitable for more general situations. We showed
in Jemuary ' P=1F) that perpendicular incidence of the radiation
was far from typical; simple calculations indicate that one radian {57
) £ oy is the typical angle wmmya
: : : Rays incident at 57 degrees pazs
through the lead ahiald obli.que]y, experiencing a greater pathlength.
Accordingly we pointed out that a thinner lead shield would be more
appropriate with respect to typical rays; a thickness of 0.03" would
appear to be close to optimume.
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Appendix 6 of Ref. P-18 aho'a‘s that this general conclusion
ic valid for radistion fyom an air=burst stomic bomb (poimt-source situa-
t:l.ong and also for radiation from contanﬂ.nation (omiudirecﬁ.onal situa-
tion The cohclusions is valid, moreover, whether the man wearing the
dosimeter (on his chest) is atanding sitting, or lying down. For each
of these situations a slightly different "typical angle of incidence"
is arrived at, the values ranging from about L5 degrees to about 80 degrees
from the perpendicular. A value of 57 degrees (or roughly &0 degrees)
from the perpendicular is very represeatative.

1
;

©  Thas for a great mndord.ty of field situations, a lead shisld |
thickness of 0.03" would give better results than the 0.0hS" shields Also,
it wmzld gave waight and ¢oste

S"'

T DN T

further imavemexrb in shielding was needed-s*'t t&ke into account radia-
tion striking the glass piece from an "edge" direction. TVhen rays approach

" the dosimeter from 2ll directions with equal probability, half of the rays
strike at an sngle of more than 57 degrees from the perpendicular. Approx-
inately 25% of all rays strike the dosimeter in directions which are prac-
ﬁ.cal],v Hodgowingh d:!.mot.ioms.

‘ If no shielding is rovidedferﬂzeseedgeuiseraya large
errors can resuite For example, tests reported in Ref. P-20 show that .
a dosimeter not shislded on the edges will read approeximately five ﬁ,mes
too high if {rradiated edgswi.sa with 100 kev, s=rays.

Y G 2

o

oo s ae i st i
Ny

These same tests showed that the error is almost entire]y
‘ e]iminatedbyprovidingleadshielding on the edges, as well as the faces,
) of the gla.as plece. (See skotches on a later pasze.s
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. Of course, the spectrum of gamma radiation from an atomic ol
‘bonb is a very broad spectrume Thus the errors resulting from omission
of the edre shielding may be small in those field situations where little
"goft radiation is involved. But where much soft radiation is imvolved,
. edge shielding appears highly desirablee

(88 explainad in a later section, the present "H-7H type P
of imasg~production dosimeter DP-60( )/PD employs no edge shielding. We ,
have proposed a typs H-50b which includes complete, omi-directional
shielding; see a later section.)

Ee Imcaﬁom
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| Besidec its geinsval deslgnation symbol; each dosimeter should ' ‘
caryy & serisl muber. This makes it possible for each man to know . 21 B
vhich dosimeter is his. _ ' Af o

The serdal number should be attached either to the glass itseif %)
or to something else that is permanently attached to the glass. The ) 1-4
covious aolution is %o apply the serial nmuber to the plastic base piece i
to which the glass is cemented. T

T4 Presumably & man could scratch his name or initials on the N
: plastic plecs 5150, ' | -

F. _Attaching,

The dosimeter may be carried on a ribbon or chain hung around
the neck; or perhaps it might be carried in the pocket. In axw cage, 1t
appesrs desirable to provide in the dosi.meter a pierced ear for attachinz
a yibbon or chain.

Gs Tamperproofing.

S ‘The dosi.mster is likely to last longer, and give more accurate
readings, if handled and opsned as little as poassibles Sinceé the davice
can be read only by means of an auxiliary resder-~which is ordinarily not
imnediately at hand—-there should be no occasion for the dosimeter wearer
to open the device himself, or to inspect it himself. (It should ba
-opened and inspected only by the man authorized to operate the readers)
This means that the dosirmeter should be. constructed so as to be reasonably

: tampemoof.

Tamperproofing is easily accomplished by recessing the plastic
base slightly, 8o ds 1o leave no convenient hand-hold, and by providing
two small holegwhich may be engaged by a speclal wrench fastened to
the phoboelectric reader. Vhile net fully tamperproof, such a devies
would greatly discourage unauthorized opaning of the dogimetere

S : - frgrd : - R R .
S ot b st s & £37 T F LR S

RESTRICTED




i

)

Dosimater designs have been proposed in the light of the general
functions discussed ebovee. Additicnal questions have ari.sen, ‘howaver, and
these are discussed belows :

Ho S:Lze Of the 'Glasa Piﬁ'cé.

The glass pleceé should be large enough so as to be capsble of
producing endugh flnorescent 1ight to be measured readily. At the Hime
of a Buships conference in Jemiary 1951, it was generally felt that a
glass square 1" x 1" x 3/16" would be 'cﬁe minimm satisfactory size.
Later, howover, (February 1951) it was decided that a smaller somave
(3/4" x 3/L4" % 3/16%) would be adequatee An engineering drawing presented .
in Ref. P=12 shows the tolerances proposed for such a square. Such squares
are used in the 171‘-60( )/m dosimeters now in mass production.

‘ ‘ Later, however, as our understanding of the glass and the readed's do
1mpm~~d, weo found that an evsn smaller glass plece would be adequate—
for example, a disk 5/8" in dismeter and 5/32" thick. (Ref. P-20; Type
..=50b des...gn.,

Frobably even smaller pieces. could be used--if there were some
a.dvantage to using smaller pileces. Unfortunately, the smaller the glass 3
O plecs, the smaller are the permissible toleérances. Also, mounting very .ff
: " small pieces may e inconvenient, end pesitioning them accur ateJy may be S
difficults; It 18 probable that the 5/gh diamster, 5/32% thick piéce
represents epproximately the optimun sizg. .

T. . Sham of the'_ Giass _Pisce.

If the glass pisce is large, ‘the cost of fabricating *t 48
;perhaps lowest if it is rectangular-naqmre, for examples The straight
_ cuts ¢an be made quickly and cheaply using a glass cutters. (Squam
T p:!.eces are used in the mse-prodxmed dosimeter.)

If the plecea were to be ver:y smal‘!. then the tolera.nces would
be small alsc, s© t cutting might be impract.ical and grinding, or
giinding and’ polishing, might be necessarye. In such case, a. a:.ak night
be the optinmm shapes. ‘ .

"0 IF the glass pleces could eventually be made by a molding
‘onere:bion, d:isks would pmbab]ar be a favored ahape. ‘

T
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‘ Taats re!pOrted in Refe P=23, shcwr that it is not necessary to

ude glass pieces: having polished faces. Rougii-ground faces are adequste,
and the amount of fluorescent iight reaching the detector is almost the
same for polished or rongh-mund plecess
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Rough—ground surfaces have soms minor disadvantages, howavare ’
Thaytendtolessenthapreciaionofmdingsg eepsnal.yforvewgmall
doses. Vhen a large number of polished pieces are prepared from a given
nelt of 8% glass, their pre-dose readings seldom vary by more than 1 or
2 ry and the readings remain remarkably constant from wonth to month. If
a muiber of ound piecés are prepared from a given melt, the varia-
tion i= greater—~perhaps 2 to U r. Furt«hmeaomemase
inread:l.ngoftanoccmin the first day or tm after ithe rough surfaces
were prepared, suggesting that some short-term fgurface curing” occurs;
furdier clight increase may perhaps ocour in the subsequent weeks. (Such
inoressss may be W wiped out Dy re-grinding the glass suzfacee ‘4ndicating
that the effect is a surface effect only.) o O

genaral, rough surfaces are probably 'bestwhen the glass ]
pleces are generously large (large volume-to-surface ratio), or when it R
econony is’impertant. Polished swrfaces sre preferable if the glass
plece ﬁs very smaJJ., or 1f high eccuracy is necessary even in moesvring gl o
81119.1.1 es. I

K. _Painting ths Glass, | : j

: Ifthewughtisincidsntonthe glass ‘plece on one fase only i
("UV entrance face"), and if the finorescent light measured is limited to b
light issuing from one edge only ("exit edge") the remainder of the surface
("umised surfana®) may be painteds , :

Painting the umaed surfaces white may double the amount of
flucrascent 1ight emerging from the e:d.’E 'éageg but two diaadventagas may
result-alsos (1) The paint itself tends to fluoresce; such fluocrssceiice
tends to incrsiase the pre-dose reading, handieapping ths dosimeter in
maszn'ing amall doses. (2) The reflectivity of the paint may pechens
‘change with time} this would change the dogimoter's pre-dose. reading and
its sensitivity also, interfering with the measurement of all -doses,
vhether small or ].arge. (See Refs P=T7.)

!

Use o.fblac.. paint, rather than'ahiw paint, hasmnch meri%.
The refiectivity of biack palnt .‘E.s aot likely to change -apprecidbly, and
the fluorescence of such paint 3 & vory slight indeed. A glass piece tha'b
has been painted black on the ummeds\mfaces has a_very low pre~dose

-—TYeading@nd is excellently sulted to mes ' very small doses (es well
- a8 large doses). Furthermore, the black paint prevanta the surfaces in.
questinn fraa being conteminated by ﬁngemarka. ato. Piaally, blacke

painted surfasces o2h be semented to plastic holders, or the nke, with &
mipimim chance that. the holder i.tse].f, or the cemsnu, w311 Sontsibute to

- the fluoreaeme.

Meriwehasindicatedthatablaokpamwmbeappned
tomumsedsurfweawhicharerough, or are to be handled spprecisbly,
ormtobecemented.
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Many kinds of black paint are sultsble. Sea-lac Black Lacquer
(Duralac Chemieal Corpe, Newark, NeJe) appears par’d.cularly satisfactory.
I% shows almost no fluorescence.

_Ié. _The Pla'aﬁc Base Pieces

It is obvious that the glass plece may be mounted on top of the
(ethyl cellulose) plastic base piece, or may he recessed in it, as indic-
ated in the sketch shown on a previous page. The relative advantagee of
these two schemss are listed briefly below. -

1. Becessed Moun s Mounting the glass piese :h_:; a re
has the advantage of saving space; the resulting dosimetér is trﬁ.uner.
Using such a scheme it is mnecessary; of course, to cut away the plastic
material by one edge, so that the fluorescent l:l.ght may emerges see the

following sketch,

- orange
fludrescent '
"1light 4
emerging from = UV exciting licht incident
exit-edge on UV-entrance face,

' > piastic thread cut awey
here, to let rluo.rescent
light émerge

‘ Also, it ds neceseary to paint all. the unused surfaces of
the glass piece} otherwise the reflectivity and ﬂuoresgence of the
emlosing plaat!.c regions il play a part a.nd will introduce errore.

. The disadvatitages of the schiems are as follows: (1) the
thread is :l.ntexmted (byv:lrbue of the ree:a.o;; out away toperm:l.t egrass

L PR ..!..l.\- S e e R WY SR ey PR, P

,OI LS LLEV/E oa:us SMCEIS Ta..." .;.*:e.' closuse of the: GevLca is ZTES SEUTS=F

éspec :I.all;r :I.f ths plgst:lc used 15 fiexibla. (2) It becomss difficult to
ovide akislding for v*a..e four edﬁs of the glass piece.
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'@'Plastic base piece

Gt S A

Lead cup shielding
the edges und dlso
the UV entranoe
_fuce

f/’/I oo e fl/; :
7
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Thaadvantageaofthisschemearsasfoum: (1) The e
thread is not interripteds thus the closure is positivo over the entire T
360% (2) The edges of the glass piece are "free," and need not ba .
painted at allj this saves one operation, and doubles the amount of :
fluorescent light emerging. (3) It is a simple matter to provide
shielding for the edges of the glass piece as well as for the faces
(seo skstch)s the plastic base p:l.ece no longer gets in the way of ths
edga shieldo )

There is & slight disadvantage, namely that the overall
thickneas of the device tends to te slightly greater. But the glass
piece doos not hesd to be more than §/32" thick, o that the overall

thickness of the entire desimeter would stil‘.l. be only about one half
--I’ud-

m tbe Gompanww uf the Baae Asamb;zc

The base agsembly consiaw of the plastic base plece, a le&ﬂ
ahield, end the glass plece. These may be attached by any of various
cemente, In ilie work done under the preseént contact, the cements used
were (a) ™iracls lype M" cement produced by the Miracls Adheaive Cci,
and (B) "Cement '-'-ypg m-mzz" produced by the !.!innesota Mining and

o P o e ks P e . s e} -
Manalacturing Cos \aw Refe P=13}. ' However, later work shcved that

thasé cements were not éntirvely satisfactory as “egards shock resistance
snd rssistarce to low temperatm-ee _
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m'a plastic cap is a cup-shaped plastic piece, also of ethyl
cellulose, which holds and covers the base agsenbly, The plastic cap
contains s leed shield (cemented in)s o plerced ear for the carrying
ribbon; algo a gasket. The gasket, which is waterproof and compressible,
assists the closure between base assembly and cap. It 15 essential that
the pasket be somewhat compressible in view of the fact that the plastic
parts may not be perfectly formed, and may tend to diswrt slightly with
pasange of timse Ths gasket is cemented in place. Several types of
gaskets were tried; 0.020" thick polyvinyl chloride was found to be mod-
erauly satisfactory. (See Ref. P=13)

Q. color -o.t‘ Dosimeter.

A black color to the dosimeter seems preferable, primarily
because black material is least likely to fluoresce and is least likely
to reflect stray light. These considerations may be of ir@ortance if
u'he optl:cal design of the photoelectric readnr is imperfect.

A gray color would have two advantageés: (1) the absorption of
thermal energy, as from an air-burst atomic bomb, would be rediced. and
{2) ‘the conspicuousness of ﬂw desimetar would be reduced.. )

Entilmreiahmnabnutﬂ*eﬁeldreadmault.e trouble
which mipght be encountered therein from umvanted i‘luoreseence and

umlantad ronections, black seems to be the safest choice of color.

By 2 *aneu&netms cemiderations.

The dozimster casge :Ls given a gmooth finish in order that it
may bé cleaned and decoritaminated readily. For the same reason it
shguld be reaaonably free £rom oracks, crevices, etce

If tha p]aatic base Assembly is to be mounted in the photo-

electric reader in a certain ordentation, locating. pins or holes may
‘be pmvidad to :sture ‘eerrsch ord.entation\
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Section 3C: Non—l?easibinty of Using a Yisual-Typs Reader
A‘, Int!‘oduct:l.on.

The contract called for a study of the feasibi.lity of producing
a reading device which would contain no photocell, but would ¥ély on the
human eye to make the measuremente In principla, visual-type readers
could operate using either of two kinds of measuremonte. (a) measurement
of the darkening produced in the gless by the exposure to gamma radiation,
and (b) measurement of the fluerescence produced.

For the reasons explained below, neither of these schemeés proved |

practicalo
B. V‘:tsnal Readet® Vhich Measures Darkening.

As explained in a previous section, ths silver phosphate glass
tends to becone darkew-—-yallowe:h—ahen exposed to gamma radiation. By

Judging the extent of or "tensbrescence, " we can evaluate the
mﬂ BOSUT e

It was soon found; however, that the amount of darkening was
too slight to detect visually uniess the dose was of the order of 500 r
{assuming a glass piece about one.inch long)e If the glass piece were
sevaral inches long, if a wsll-designed visual photometering system were
provided, and if a source of bluc light werc available, perhaps & dose
as small as 25 to 100 r could be detected visuvally; but the equipment

involved would b s somewhat complicated, and far less preciss then s ik ”

photoelectric readere Es

Lo Visual Roader Which Measures 'l“iuoz‘te‘scéf;ce.

A small reader built at the Naval Resea.rch. Laboratory in 1950

demonetrated that the fluorescence of silver phosphate glass could be

measired with some degree of success using the eye as the measuring.

davice. TUsing an Hel high prezsure mercury are as source, -and using

ttest® and “comparison' glass pleces two inchcs long, this device per-
mitted visual detection of doses as small as about 25 e 50 1.

Hovevea', the schems entailed considerable equipment, required
use of long. nolished. glasa plecas, and affordad wach 1ess sensiivity

‘ than m to be expeated uaiﬁ5 photamltiplier tube as detesior.

- It m comluded ‘that ﬂauel-tyne readsrs were lous promising
than. photoolectric readsrss Visual readers would undenbted!a' ‘e success-

ful in measuring mederatc o lsige doses received by long pleces of the

apec:laa. glass3 but photoslisotric devices should be far more amiﬁve,
and muld peMt use of mallw glass pieces.
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elsctric readers.

AL subsequent effort on reader de
The following section a

siderations governing design of photoelettric

FOLABDIL CORMOR ATION -~ RESEARCH DEPAR TMENT

8ign was devoted to photo=
ummarises the principal cone
readers,
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Sestdon 3D: Fhotoelsctric Readar Design Considerations
4. In’c:’odu_ction. E - | | )

Several different kinds of photoelactﬁc readers have been madse
by the various institutions concernsd in this progranis

1. The Naval Resedrch laboratory bullt s small, simple photo-
electric resder in 1950 to danonstrate tha.t -such readers ware feasible.

' 2, Polaroid Corporation, nnder the present contract, produced B
several types of photoeleciric readers. The latest and most successful i
type, called the CP<95(XN-3)/PD radiac computer indfcator, o "lsboratorys p

. type reader,” has baen in routins use in many industrial a.ﬁ nijitary T
laboratories. This reader is described in detail in a later section, ¥
Saoe veaders of this type have been adiusted with gread care, and have o
been provided with camponents confofiing to very close toleramee, Such 21
readers, intendsd for use in the most accurate quallty control testing
of uosimetemf‘ are somtimes referred to as “high-precieion laboratory- -
tvpe readers. . == o ;o

3 Adﬁmuaz%a%aﬂonisma!dngamdermohiatoboms
"ﬁfiﬁeed for use in the field, - - =

be AmJJ,battom-@pawatedmﬁwhaabesndasitnsdatthe [
Naval Rediciogical Defense Laboratorye. Besause of its sipplicity amd - ' é--:ri’—'

e T

T

amall s:lze, this device m:!.ght be very useful as a field ireader.

. The presert seciion summawises ths principal considerations
governing the design of reeders in general and the cz-9§(m-3)/1’0
1aboratm~y-tvpe reader in perticular. e

Be G%“‘“‘W of ﬂm I.aboratoxme Rnadm.'.

' During tho early stages of the present contract, no distinetion
was drawn between reader designs suited to laboratoiy-tes of plass,
desimeters, ots., and reader desigus suited to ne . usde It
was asaumed that ona dasign would serve both purposes. T

 ‘Later, ‘however, (February 19513 seec Ref. P~7) the d:!.ffereme
be‘a—-ear iaboratory-~use fuliction and field-use function was recognized.
Te were then asked to design a labotatory-type reader CP-95(XN-3)/FD

which, besides being well suited to use in laboratorv teats, would bs
usefel 45 Sertain other applications also. In all, four differant
types of ﬁmcﬁ.ons mem to ba servad by t.h:ls labomwwpe ‘reader,

a8 fonawsz

2 1§ was to be excsllently suftod to routine qm;m' contirol
tesﬁ.ug of compléete dosiueterss also to routine ‘testing of glgaa melta,
.i.e.,utest:lng‘" .\_“"\ unmouuted’ pieces oz' glasa. o )
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R2e¢ It was tobesuited to research studies of reader per=
formance, interchangeability of reader components, etc.3 also to assiste
ing in the selection of filters, photonnzltd.p]iers, etce, required in
bullding: additional readers.

3. Itmtoamea“tuegeneralbaaia designofaﬁeld
reader-tobedeaignedindetailbyA&zd.ralcorporati.n :

“lie It was to be reagonably suited to £ield use-ifi the interim
pariod prior to the avaﬂabinu? of regular f:leld readem '

Spoud.fic Rguremontu or the Laboratory-Type Headers

AR .It was desired that the laboratory-tyse reider GP-95(XN=-3)/PD
nmeet f.ha following apecific r@r_mimmsntez ' 1

Ranges - O to 600 r (high rangs); also O to 200 » (iow radge). . ) E
Tifearity: Ressonably linear ﬂ'n'oﬁghout this range. '

) -Sensftivityi It was hoped that the readss would be sensitive e
toperhaps 2 t0 5 r for dosimeters éxposed only slightly, andpeﬁaapz ;
msﬁmtfwmmmmichhadmm heavily.

Acmmwyﬁ It was hoped uhatwhenpmper]y usted, the reader
mu:bi provide absolute geouracy of perhapa 5 to 10 r, or 5 to 10%, w!‘u
ever is. greata&u

Flexibility of scales It was desired that the readé@ be able
to acconmdate almost any le rsl of preqicae flvorescence which might later
ba adopted, and almost any . degrea -of glass senai"r.ivity wlﬁ.ch might be
adopteds In other: words, the gero ‘setting and sensitiviw sétting shoiild
be aﬁjas%anle over wide rangeg.

'Diréct ¥eading: Regdin@ were. to be made directl;r in roentgens.

- ' Easex of. J.oadims The design was 't@ be snch that. dosimeters
) could be loaded rea.dily, and would automatically locate Melves
' properly in the reading station.

-

Ease 6f ver ring the &scuracys. ?foﬁuimmtahnmdnghmi,?
Tizsd siiimnump GOUiG, ‘n”‘e ifeaaui‘vad periodically in place. of -the "nnlmomas,
wmahsmmatmemmtmperfomﬂmgpmpeﬂy.. .

S Elec'bri.cal supply: 110 to 120 volta, 60 cyclese.

‘ Ease ot epemtims ‘It wes depired that the controls b3 far and
ai.mple; -also that the poaitioning of 'thé samples in front of the UV Lanp
shonld' be semi~automatios also that.exclusion of ambient light: should be' .
‘essentially aiitomatic @nd shiowld be complete enough so. that the :I.mtmment
would operats properl;r even in d:lrect sunlighte
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Miscellancous: The device was to be simple, light, rugpeds
it == to uBe only JAN-approved electrical partgs
]

)

ek»" ...*_c - Onti sal_xatem COnponenbs

The individual comnonents oi‘ the reader's cptical gystem were
selected efter mighin.g WANY alternatives. Fluorescence measureménts
are rotoricusly difficult, and large errors may enter from apparently
iminor changes in the UV mitation gystem and the fluorescent-]i?h
messuring system. Selectien of optimm components is essential (a) to:
insure reproducible performance from one reader to another, (b)
provide the maximum output of fluorescent light-~in order to maad.nrlze
the signal-to-noise ratio, and (c) t avoid need of establishing
fantastically close tolsrances as to spectral reSponse, posiﬂ.on,
angle, em., of the various parts.

. . - ;. o . R 0
ST Y T =

A

e J}} O B s
| PO S T e e
o PN i .

T

— Ths. principe.l components of the optical system areé diecuased 3
separately belows. ~ _ B A

) !
1. DUV Larpe The RR-12 cockpit lamp, a small "Inorescent ‘
l

e

S e v
&
Ll

lampcontaim.ngswamercuryandusmauamuntofmmgas has been
2 found to be very satisfactory. it serves axcellently as tha soures of
‘@ : UV radiation for sxciting fluorescence in gmiwg-irradiated pieces of 8% .
ey - silver phosphate glass, This iawp, recommended to us by NRL scientists, - iR
. consumes only avout 5 watts, yet gives out mch padiation in the near }
UV reogion of the spectrum. It has a 1ife of .1.000 ‘nours or more. Start-

Lﬁf:.h;'lk- .oz

Tccay Lt

oo ing end stopping 1t does 5o hawm, I waws U in a few scconds. Tt b
b qi s ebme: lots, however, were found to be difficult 3
to start Ib :l.s not mtn.eal as to voltages a wide variation in voltage 3 e

changes the spectral energy. disinb-uuion only very slightly. Its output
changes appreciably with tanperahxre, however, If cold air :i.s blowm
across ths lanp, the intensity falls apprec..ab]yo Also, the la.mp mst
be ‘wived up so that the comct polarity is obsewqcle

23 moany luboie

v ‘ Otherlampshavebeentried. me!{-hmem_xgyarcis
- -exbmma]y rich in nedr-UV lights but unfortunately it dissipates
mach heat, and roquiree more powers Ordinary incandescent lamps
could be "“a‘i,* ‘outl proguce reia.i‘sl.vely l:l.ttle near-gy light, as.
comp.ared to visible light. .

-2, W-Pass Filter. ‘.!:t is~ neeeaaary to biock off the orrange
1igit issuing from the lemp: such 1light would tend to obscure the
orange~colored . flm-esscent light omg;mating within the £lass. piece.

e prgmangy

,Aitv«-pass, orange-aaelu&ing filter must ‘ne _placed between la@ and plass
“PaL: e ¥

o 4 msqm-thickcomingfﬂm#s